Inhibition of high affinity choline uptake in the rat brain by neurotoxins: effect of monosialoganglioside GM1.
Mustard derivatives of ethyl-choline and hemicholinium-3 have been suggested as possible specific cholinergic neurotoxins. In this study a structural analog of hemicholinium-3, a,a'-bis[di(2-chloroethyl)amino]-4,4'-2-biacetophenone (toxin 7), was added to synaptosomes prepared from the cortex, striatum or hippocampus of rat brain. Synaptosomal high affinity choline uptake (HACU) was significantly decreased in a dose-dependent manner by addition of toxin 7, while synaptosomal uptake of GABA or dopamine was not changed. Incubation of cortical synaptosomes with the monosialoganglioside GM1 prevented the decrease in HACU seen following administration of toxin 7. This preventative effect of GM1 was greater if GM1 was added prior to or concomitant with toxin 7, than if GM1 was added following toxin 7. Two newly synthesized hemicholinium-3 analogs, 4-[3'-di(2-chloroethyl)aminopropionyl]biphenyl (toxin 5) and 4-[3'-di(2-bromoethyl)aminopropionyl]biphenyl (toxin 6) caused a large decrease in HACU when added to cortical synaptosomes, this decrease was significantly greater than that seen with the same dose of toxin 7 or ethyl-choline aziridinium (AF64A). Ultrastructural changes in the synaptosomal membrane following incubation with toxin 7 or toxin 7 with GM1 were examined by electron microscopy. Development of a compound which is both a potent neurotoxin, and is specific for cholinergic neurons will allow new insights into the normal function of the cholinergic system in the CNS and provide animal models of disease states in which cholinergic degeneration is an important element.